United States Patent [

Billiar et al.

US006103230A

6,103,230
Aug. 15, 2000

[(11] Patent Number:
451 Date of Patent:

[54] METHODS FOR PROMOTING WOUND
HEALING AND TREATING TRANSPLANT-
ASSOCIATED VASCULOPATHY

[75] Inventors: Timothy R. Billiar; Edith Tzeng, both
of Pittsburgh; Larry L. Shears, II,
Bethel Park; David A. Geller; Howard
David James Edington, both of
Pittsburgh, all of Pa.

[73] Assignee: University of Pittsburgh of the
Commonwealth System of Higher
Education, Pittsburgh, Pa.

[21] Appl. No.: 09/165,882
[22] Filed:  Oct. 2, 1998

Related U.S. Application Data

[60] Division of application No. 08/745,375, Nov. 8, 1996, Pat.
No. 5,830,461, which is a continuation-in-part of application
No. 08/630,798, Apr. 10, 1996, abandoned, which is a
continuation-in-part of application No. 08/265,046, Jun. 24,
1994, Pat. No. 5,658,565, which is a continuation-in-part of
application No. 08/465,522, Jun. 5, 1995, Pat. No. 5,082,
908, which is a division of application No. 08/314,917, Sep.
28, 1994, Pat. No. 5,468,630, which is a continuation of
application No. 07/981,344, Nov. 25, 1992, abandoned.

[51] Int. CL7 oo A61K 38/44; C12N 9/02;
C12N 15/53; C12N 15/85
[52] US.Cl .. 424/94.4; 435/189; 435/252.3;
435/320.1; 424/94.1
[58] Field of Search ..........cccccccovueneuncncee 424/94.1, 94.4;
435/187

[56] References Cited

U.S. PATENT DOCUMENTS

4,840,940 671989 SOLLHUTL .ovveeveerreererersrreersenees 514/56
5,132,407  7/1992 Stuehr et al. .....ccoeeererrerierennnne 530/395
5,252,479 10/1993 Srivastava ...... ... 435/235.1
5,266,594 11/1993 Dawson et al. ..ccceceevevuecnuencene 514/560
5,268,465 12/1993 Buedt et al. ... .. 435/232.3
5,304,121 4/1994 Shahatfian .......ccccoocooorocrvcrsorns 604/53
5328470  7/1994 Nabel et al. oovvvveeeerrrrersrreene 604/101
5,428,070  6/1995 Cooke et al. ...ceeveeereererierennene 514/557
5,468,630 11/1995 Billiar et al. .c.coccoeeeerevunreneecne 536/232
5,580,722 12/1996 Foulkes et al. .....cccevvveevcevecenenn. 435/6
5,658,565  8/1997 Billiar et al. ....... ... 424/93.21
5,830,461 11/1998 Billiar et al. ...c.ccccevevveeeeccenene 424/94.4
5,882,908 3/1999 Billiar et al. .c.coccoeeerrenunrinuencne 435/189

FOREIGN PATENT DOCUMENTS

WO 92/07943  5/1992 WIPO .
WQ092/07573  5/1992 WIPO .
WO094/23038 10/1994 WIPO .
WO094/24269 10/1994 WIPO .
WO96/00006  1/1996  WIPO .
WQ096/05319  2/1996  WIPO .
WO097/33980  9/1997 WIPO .

OTHER PUBLICATIONS

Albina et al., J. Immunol., 150(11), 5080-5085 (1993).
Billiar et al., Biochem. Biophys. Res. Comm., 168,
1034-1040 (1990).

Billiar et al., J. Leuk. Biol., 48, 565-569 (1990).

Bredt et al., Nature, 351, 714-718 (1991).

Bucala et al., J. Clin. Invest., 87, 432-438 (1991).

Busse et al., FEBS Letters, 265, 133-136 (1990).

Charles et al., Proc. Natl. Acad. Sci. USA, 90, 11419-11423
(1993).

Chester et al., Lancet, 336, 897-900 (1990).

Chenais et al., Biochem. Biophys. Res. Commun., 196,
1558-1563 (1993).

Chin et al., J. Clin. Invest., 89, 10-18 (1992).

Curran et al., J. Exp. Med., 170, 1769-1774 (1989).
Danos et al., Proc. Natl. Acad. Sci. USA, 85, 6460-6464
(1988).

Draiper et al., Res. Immunol., 142, 553-602 (1991).

Gao et al., Biochm. Biophys. Res. Comm., 179, 280-285
(1991).

Geller et al., Proc. Natl. Acad. Sci. USA, 90, 3491-3495
(1993).

Granger et al., J. Clin. Invest., 81, 1129-1136 (1988).
Green et al., J. Leuk. Biol., 50, 93—103 (1991).

Gross et al., Biochem. Biophys. Res. Comm., 178, 823-829
(1991).

Harbrecht et al., J. Leuk. Biol., 52, 390-394 (1992).
Hibbs et al., J. Immun., 138, 550-565 (1987).

Hibbs et al., Science, 235, 473-476 (1987).

Ignarro et al., Proc. Natl. Acad. Sci. USA, 84, 9265-9269
(1987).

Janssens et al., J. Biol. Chem., 267, 14519-14522 (1992).
Kilbourn et al., Proc. Natl. Acad. Sci. USA, 87, 3629-3632
(1990).

Lowenstein et al., Proc. Natl Acad Sci.
6711-6715 (1992).

Lyons et al., J. Biol. Chem., 267, 6370-6374 (1992).
Mannino et al., Bio Techniques, 6, 682—690 (1988).
Marsden et al., FEBS Letters, 307, 287-293 (1992).
McNamara et al., Biochm. Biophys. Res. Comm., 193(1),
291-296 (1993).

Miller, Current Topics in Microbiology and Immunology,
158, 1-24 (1992).

Moncada et al., Pharmacological Reviews, 43, 109-142
(1991).

Muzyczka, Current Topics in Microbiology and Immunol-
ogy, 158, 97-129 (1992).

Nabel et al., Science, 244, 1342-1344 (1989).

Nabel et al., Science, 249, 1285-1288 (1990).

Nakayama et al., Am. J. Respir. Cell Mol. Biol., 7, 471-476
(1992).

USA, 89,

(List continued on next page.)

Primary Examiner—Ponnathapu Achutamurthy
Assistant Examiner—William W Moore
Attorney, Agent, or Firm— eydig, Voit & Mayer, Ltd.

[57] ABSTRACT

The present invention provides a method of promoting the
closure of a wound in a patient. This method involves
transferring exogenous iNOS to the region of the wound
whereby a product of iNOS is produced in the region of the
wound to promote the closure of the wound. The present
invention also provides a method of transplanting a graft
into a patient, which method involves transferring a vector
comprising an iNOS expression cassette to cells associated
with the graft and surgically incorporating the graft tissue
into the patient. Upon expression of iNOS within the patient,
a product of iNOS is produced in the region of the graft to
attenuate vasculopathy in the region of the graft.
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